"endothecium " and the innermost "transitional" cell layer (Fig . 5 ).
Tapetal cells which have an important function in the maturation of pollen grains differentiate toward the center from the transitional layer (Fig. 5) . In this stage each pollen sac consists of four cell layers enveloping the pollen mother cell (Figs. 6, 7) . After the differentiation of the tapetum, the transitional layer becomes threadlike and soon disappears.
To the author's knowledge in all other higher plants in which the process of microsporogenesis is well known, the archesporial cell goes through mitotic divisions resulting in a number of pollen mother cells. But in P. persicaria the archesporial cell assumes the function of the pollen mother cell without any further mitosis. Therefore, only one pollen mother cell is formed in a pollen sac (Fig. 7) .
Prior to the meiotic division of the pollen mother cell, the tapetal cells perform mitotic divisions without cytokinesis.
Binucleated tapetal cells are the result (Fig. 8 ). Tetra-nucleated tapetal cell resulting from successive mitotic divisions or tetraploid or higher-ploid cells following endomitosis were not observed in this species.
The meiotic process of the pollen mother cell is very regular. Table 1 shows the result of the observation of meiosis.
Abnormal division is scarcely seen. As a result of meiosis, tetrads of linear type are formed, i.e. four microspores are arranged in a row (Fig. 14) , but some of the tetrads are Y-or X-shaped (Fig. 15) .
After the meiotic process, the tapetal cells become hypertrophied (Fig. 17 ), vacuolated and then they gradually degenerate.
Each mature pollen sac consists of two cell layers enclosing 4 pollen grains (Figs. 21, 29) .
Deviations from the regular development 1) Pollen sacs having eight pollen grains are also found, but their frequency is small (Table 2 ). The process of microsporogenesis in this case is shown in Fig. 23 -28. It is not essentially different from the process of microsporogenesis observed in P. nodosum. The author reported in a previous paper') that this type of pollen grain formation represents type 1. An archesporial cell divides mitotically once and the daughter cells assume the function of pollen mother cells (Fig. 23) . Thus, two pollen mother cells are produced in a pollen sac (Fig. 24) . Meiosis proceeds regularly in (Tables 1 and 2). 3) In this species, formation of empty pollen sacs was observed (Figs. 29, 30 ). This phenomenon is commonly considered to be due to (1) lack of differentiation of the pollen mother cell or (2) its degeneration.
In many cases a pollen mother cell is differentiated in each lobe of a young anther, but the surrounding tissue does not fully develop.
Especially, failure of the tapetal tissue to develop may be the cause of pollen degeneration or empty pollen sac formation. Polysaccharides : Lillie's method was employed for polysaccharide staining.
All cells of an anther at premeiotic stage show uniformly this staining reaction. Stainability is similar in both nucleus and cytoplasm (Fig. 8 ). Granulous stained particles were not detected.
The stainability of the tapetal cells is gradually improving after meiosis. At that time, the tapetal cells show hypertrophy and then a tendency to break down. On the other hand, the pollen mother cell shows constant stainability from premeiotic stage until separation of the microspores from the tetrad. The development of exine and formation of germinating pores follow. The latter are strongly stained (Figs. 19, 21) .
The substance positive to Lillie's staining appears to be extruded into the space between the tapetal cells and the microspores (Figs. 17, 19, 20) . It seems to be mucous.
It is possible that it is extruded from the degenerating tapetum and is absorbed by the germinating pores and used as an energy source for the developing pollen grains. Fig. 19 shows the mucous matter adhering to the germination pores.
Prior to maturation, the pollen grains become filled with starch, while the mucous matter disappears.
Discussion
In the previous report'), the genus Polygonum was classified into five types according to the number of pollen grains in a pollen sac. Those are types with (1) 8, (2) 16, (3) 32, (4) 128 and (5) 256 pollen grains in one pollen sac. P. persicaria does not fall into any of those five types. It has 4 pollen grains in a sac.
In the meanwhile, the present author found that P. tenuicaule has 64 pollen grains in one pollen sac (Doida, unpub.) .
Thus, Polygonumz can be classified into 7 types based on the number of pollen grains produced in a sac, namely types (1) with 4, (2) with 8, (3) with 16, (4) with 32, (5) with 64, (6) with 128 and (7) with 256 pollen grains per sac.
Hed berg classified the genus into 9 types on the basis of pollen morphology6). On the same basis, Nakai classified it into two major types5).
Ikuse7) supported Nakai's opinion. One of the types is the "furrow pollen" type having three germination furrows on the exine, and the other type is the " pore pollen " type. The latter has multi-germinating pores and a reticulate pattern of the exine. This type is considered by Nakai to be characteristic of Chenopodiaceae5). He also stated that this type of pollen is found in Ambryogonon, Tovara, and Persicaria, sub-genera of genus Polygonum.
However, Ikuse reported that Section Didymocephalon and Corynbocehalon belonging to sub-genus Persicaria have " furrow type " pollen.
On the other hand, " furrow type " pollen appears in Fagopyrum , Bistorta, Reynoutria, Aviculare, Pleuropterus, Bilderdykia and Pleuropteropyrum, sub-genera of genus Polygonum. P. Persicaria belongs to " pore pollen " type.
Generally speaking, " pore pollen " type appears in species producing a small number of pollen grains in a pollen sac. Types 1, 2, 3, and 4 have few pollen grains with pores, while furrow pollen type is observed in species having a comparatively large number of pollen grains, as types 4, 5, 6 and 7" 3).
Woodehouse8) tried to classify the Polygonaceae according to the shape and exine pattern of pollen grains.
The process of pollen grain formation could be used in systematic or phylogenetic studies.
For instance, P. blumei is morphologically almost identical with P. Persicaria but they are different in the number of pollen grains produced in a pollen sac; the former species has 8 and the latter only 4 pollen grains.
This difference provides a good means for distinguishing the two very similar species.
The divisions of the tapetal cell are regular in natural conditions and result in bi-nucleate cells. Tetranucleate cells resulting from successive mitotic divisions (observed by Smith9), Berger et al.10), etc.), restitution nuclei and polyploid nuclei following endomitosis (observed by Witkus11), Brown12), etc.) were not observed in the tapetum of this species.
The important role of tapetal cell in the normal development of sporogenous cells has been described by many authorsl3, 14, 15). They state that the tapetal tissue supplies nourishment to the developing sporogenous tissue.
Cooperl5) illustrated by photographs a transfer of DNA from the tapetal cells to the developing microsporocytes prior to the onset of meiosis in pollen mother cells.
Regarding this point, however, Takats16) reported that tapetal extrusion does not occur as a regular process under normal conditions on the basis of his experiments with Lilium longif orum. He also stated that the frequency of microsporocytes with chromatin globules correlates with the rate of degeneration of microsporocytes, and the frequency of microsporocytes or tapetal cells with chromatin globules is affected by handling procedures. Failure to differentiate a tapetal tissue often results in empty pollen sacs in spite of differentiation of archesporial cells in young anther primordia. Fig. 31 is a photograph of an anther of Fagopyrum esculentum treated with colchicine.
One pollen sac has a tapetum and the other has none.
The sporogenous cells develop in the former sac, but their development ceases at the stage of pollen mother cell formation in the latter (Doida, unpub. ) . A similar type of degeneration of the pollen mother cell appeared in P. Persicaria.
This shows indirectly that the tapetal cells have an important Vol. 73 role in the normal processes of microsporogenesis.
Summary
The process of pollen grain formation was observed histologically and histochemically in P. ~ersicaria. Anthers of this species have four pollen sacs, and each pollen sac has four pollen grains.
The peripheral zone of a pollen sac is formed of four cell layers at premeiotic stages.
The inner two cell layers disappear before the pollen matures. and A: aceto-carmine. Fig. 1. Young anther primordium (H). Fig. 2 . The same stage as in Fig. 1 (H). Fig. 3 . Cross-section through a young anther; the shape is four-lobed (H). Fig. 4 . A differentiated archesporial cell (H). Left pollen sac has a tapetum but the right one h as none. The development of the sporogenous cell proceeds in the left sac although it is abnormal, but ceases in the right one.
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